During replication, the lengthy genome of doublestranded DNA viruses is translocated with remarkable velocity into a limited space within the procapsid. The question of how this fascinating task is accomplished has long been a puzzle. Our recent investigation suggests that phi29 DNA packaging is accomplished by a mechanism similar to the driving of a bolt with a hex nut and that six packaging RNAs (pRNAs) form a hexagonal complex to gear the DNA-translocating machine (Chen, C., and Guo, P. (1997) J. Virol. 71, 3864 -3871; Zhang, F., Lemieux, S., Wu, X., St.-Arnaud, S., McMurray, C. T., Major, F., and Anderson, D. (1998) Mol. Cell 2, 141-147; Guo, P., Zhang, C., Chen, C., Garver, K., and Trottier, M., (1998) Mol. Cell 2, 149 -155). In the current study, circularly permuted pRNAs were used to position an azidophenacyl photoreactive cross-linking agent specifically at a strategic site that was predicted to be involved in pRNA-pRNA interaction. Cross-linked pRNA dimers were isolated, and the sites of cross-link were mapped by primer extension. The cross-linked pRNA dimer retained full activity in phi29 procapsid binding and genomic DNA translocation, indicating that the crosslink distance constraints identified in dimer formation reflect the native pRNA complex. Both cross-linked dimers either containing or not containing the interlocking loops for programmed hexamer formation bound procapsid equally well; however, only the one containing the interlocking loops programmed for hexamer formation was active in phi29 DNA packaging. The cross-linked pRNA dimers were also identified as the minimum binding unit necessary for procapsid binding. Primer extension of the purified cross-linked pRNA dimers revealed that base G 82 was cross-linked to bases G 39 , G 40 , A 41 , C 49 , G 62 , C 63 , and C 64 , which contribute to the formation of the three-way junction, suggesting that these bases are proximate in the formation of pRNA tertiary structure. Interestingly, the photoaffinity agent in the left interacting loop did not cross-link directly to the right loop as expected but cross-linked to bases adjacent to the right loop. These data provide a background for future modeling of pRNA tertiary structure.
The packaging RNA (pRNA) 1 of bacteriophage phi29 is a 120-base viral-encoded RNA molecule that is absolutely required in the packaging of viral DNA into its protein shell (1, 2) . It has been shown that Mg 2ϩ induces a conformational change of the pRNA (3), resulting in the binding of pRNA to the connector, the site where genomic DNA enters and exits the procapsid. The pRNA-enriched procapsids are competent to package DNA in vitro with the aid of a viral-encoded ATPase (gp16) and ATP (4) . Upon completion of DNA packaging, the pRNA is released from the connector (5), and DNA-filled procapsid can subsequently be converted into infectious viral particles with the addition of neck and tail proteins (6, 7) .
The connector of procapsids exhibits a 6-fold symmetry (8 -15) and is embedded in a protein shell with a 5-fold rotational symmetry (16, 17) . The relative motion of two rings could provide a driving force for DNA translocation (17) . Recent studies have indicated an intermolecular interaction of pRNA through base pairing between the R loop (base [45] [46] [47] [48] and L loop (bases 85-82) ( Fig. 1) to form a pRNA hexameric complex to gear the viral DNA translocation machine (18, 19 ) (see Ref. 20 for minireview). Analogous to a car engine, sequential action of cylinders is a way to turn the motor. The finding that a hexameric pRNA complex bound to the connector and six pRNAs, worked sequentially (5) , supports the proposal that the phi29 contains a rotary DNA-packaging machine (Fig. 2) . Intensive investigation into pRNA structure and function has revealed that the pRNA contains two functional domains. One of them is the procapsid binding domain located in the middle of the sequence (21) (22) (23) (24) . The other is a domain composed of the proximal 5Ј-and 3Ј-end that is essential for DNA packaging but dispensable for procapsid binding (25, 26) . It has been proposed that one domain of the pRNA binds to the connector, leaving the 5Ј/3Ј domain free to interact with other components (21) . It has also been proposed that pRNA possesses at least two conformations, a relaxed form and a contracted form. Alternating between contraction and relaxation of each member of the hexameric RNA complex driven by ATP hydrolysis may rotate the DNA translocation machine (Fig. 2) (5) .
Understanding the specific role that the hexameric pRNA complex plays in viral DNA packaging requires structural knowledge of the pRNA. The pRNA secondary structure has been proposed through phylogenetic analysis (27, 28) and partially confirmed by nuclease probing (29) , mutational analysis (25, 29 -31) , and cross-linking with psoralen (3) and bisphen (32) . Compensatory modification has confirmed specific regions of the pRNA secondary structure, including the 5Ј/3Ј proximal domain (25, 30) and the stem adjacent to the L loop (29) . However, compensatory modification analysis on the secondary structure of the three-way junction adjacent to the R loop has generated contradictory results. (34) .
In this report, we used photoaffinity cross-linking to obtain information on the tertiary structure of RNA and to establish proximal regions between pRNA molecules. We used circularly permuted pRNAs (cp-pRNAs) (35) (36) (37) to attach a photosensitive cross-linking agent to a nucleotide predicted to be involved in forming a pRNA⅐pRNA complex in order to investigate its global architecture. We found that the cross-linked dimer retained full biological activity, indicating that the cross-links are relevant to the native structure of the pRNA complex. Primer extension of the intermolecular cross-links revealed several long range interactions that may contribute to the formation of pRNA⅐pRNA complexes. The bases, predicted within the secondary structure to form the three-way junction adjacent to the R loop, were confirmed to be proximate in the formation of the pRNA tertiary structure.
EXPERIMENTAL PROCEDURES
Preparation of pRNAs-cp-pRNAs were generated essentially as described in Zhang et al. (35) . The primers used to produce DNA templates for cp-pRNA I-aЈ and cp-pRNA B-aЈ were: T7RNA82aЈ, 5Ј-TAATACG-ACTCACTATAGTCCGTCAATCATGGCA-3Ј; 3ЈRNA81I, 5Ј-AATCAAC-AAAGTATGTG-3Ј; 3ЈRNA81B, 5Ј-AATCAACAAAGTATGTGGGCTGA-ACTCAATCAGGCGTTAATC-3Ј.
To produce pRNA A-bЈ, template DNA was produced by polymerase chain reaction using Taq DNA polymerase (Promega) and two overlapping oligonucleotide primers. These primers were: 5ЈT7A: 5Ј-TAATAC-GACTCACTATAGGAATGGTACGGTACTTCCATTGTCATGATTAGG-ACCT GATTGAGTTCAGCCCAC-3Ј. 3ЈPbЈ: 5Ј-CTTAAGGAAAGTAGC-GTGCACTTTTGCCATGATTGACACGCAATCAACAAAGTATGTGGG-CTGAACTCAATC-3Ј.
The polymerase chain reaction fragment that contained 3Ј-A overhangs due to the inherent activity of Taq was subcloned into the pGEM plasmid (Promega) containing 5Ј-T overhangs. The plasmid was then sequenced. Template DNA utilized in in vitro transcription was generated by cutting the pGEM plasmid with restriction enzymes NcoI and NdeI.
The resulting DNA templates were utilized in in vitro transcription containing T7 RNA polymerase (21 (38) .
Cross-linking-The formation of pRNA⅐pRNA complexes were achieved by mixing equal molar amounts of 75 nM photoagent-containing cp-pRNA, such as N 3 -cp-[ 32 P]pRNA I-aЈ and a transcomplementary pRNA in TMS (50 mM Tris-HCl, pH 7.8, 10 mM MgCl 2 , 100 mM NaCl). The pRNAs were incubated on ice for 15 min and then exposed to UV light (Phillips, UVB 20 W-TL01, 311 nm) for 15-30 min at 0°C. Under these conditions, no photoagent-independent cross-links were detected. The efficiency of intra-and inter-molecular cross-links (Table II) were measured as a fraction of the total input azido-pRNA using densitometric readings of individual intra-and inter-molecular-cross-linked bands.
Primer Extension Analysis-Intermolecular cp-pRNA/pRNA-crosslinked conjugates were resolved by electrophoresis through 10% polyacrylamide, 8 M urea, TBE (90 mM Tris-HCl, pH 8.0, 89 mM boric acid, 2 mM EDTA) gels. Intermolecular cross-links were identified by autoradiography and electroeluted in 20 mM Tris-HCl, pH 8, 5 mM NaCl, 1 mM EDTA at 120 V for 15 min. The amount of cp-pRNA in each intermolecular cross-link sample was determined by the comparison of radioactive counts between a known amount of cp-pRNA used for crosslinking and that of the cp-pRNA⅐pRNA complex after purification. 5Ј 32 P-labeled oligonucleotide primer specific for pRNA A-bЈ was hybridized to varying amounts of purified intermolecular cross-link species (75°C for 2 min, then slowly cooled over 10 min to 37°C). The primer sequence was: 5Ј-GCCGCGGGATTCTTAAGGAAAGTA-3Ј. Oligonucleotides were extended by AMV reverse transcriptase at 45°C for 20 min. The products were resolved by electrophoresis through 8% polyacrylamide, 8 M urea, TBE gels.
DNA Packaging Activity Assayed by in Vitro Phi29
Assembly-The purification of the DNA packaging enzyme gp16 (39), DNA-gp3 (6), procapsid (40, 41) , and the preparation of other accessory proteins, gp9 (42), gp11, gp12, and gp13 (6), has been described previously.
To reconstitute procapsids with pRNA, 10 -100 ng of pRNA (10 11-12 molecules) was mixed with 2.4 ϫ 10 11 procapsids (20 ng) and dialyzed against TBE buffer (89 mM Tris-HCl, pH 8.3, 89 mM boric acid, 2.5 mM EDTA) for 15 min on a 0.025-m membrane filter (type VS, Millipore Corp.) at ambient temperature, then against TMS buffer for an additional 30 min. Procapsids (4 mg/ml) were quantified by measuring the absorbance at 280 nm (A 280 ) or by SDS-polyacrylamide gel electrophoresis with reference to protein standards. The biological activity of the procapsid assembled in Escherichia coli was tested in the defined DNA packaging system (39, 43) . The phi29 DNA⅐gp3 (0.1 mg/ml) complex was dialyzed against TMS buffer for 40 min on a 0.025-mm membrane filter at ambient temperature, and the DNA packaging protein gp16 (0.5 mg/ml) was dialyzed against 10 mM Tris-HCl, pH 7.8, 4 mM KCl for 40 min on ice. After dialysis, the procapsids were mixed with phi29 DNAgp3, gp16, and reaction buffer (10 mM ATP, 6 mM spermidine, 3 mM ␤-mercaptoethanol, 50 mM Tris-HCl, pH 7.8, 10 mM MgCl 2 , and 100 mM NaCl) with the volume ratio of 5:3.5:1.5:1.5 and incubated for 30 min at room temperature. The DNA-filled capsids were converted into infectious virions in vitro with the addition of tail protein (gp9), neck proteins (gp11 and gp12), and morphogenic factor (gp13), which were also produced from cloned genes. Typically, 10 7 plaque-forming units (pfu)/ml were obtained with wild type pRNA, and omission of any one of the component resulted in no plaque formation. The in vitro assembly of infectious virus from synthetic components provided a highly sensitive system for the assay of pRNA function. The sensitivity of this system is such that the generation of a single infectious virion could be detected due to the absence of any background. The activity of each RNA reported in this paper was measured by the number of pfu/ml produced when the pRNAs were used in the viral assembly assay (30) , since it is well documented that the pRNA only participates in the step of DNA packaging (1, 5, 40) . No experimental attempt was made to distinguish the activity for phi29 virion assembly and DNA packaging. The activity is based solely on the number of plaques produced. pRNA molecules that produced fewer pfu/ml than the wild type control pRNA when used in the plaque-forming assay were said to have reduced activity.
Procapsid-pRNA Binding Assays-Sucrose gradient sedimentation of procapsid-[ 32 P]pRNA was performed to detect the presence of procapsid-pRNA complexes (2) . Briefly, pRNA (60 ng, 10 12 molecules) was mixed with 10 l of purified procapsid (4 mg/ml, 10 12 molecules) and dialyzed as above against TBE buffer for 15 min at ambient temperature. The mixtures were then dialyzed against TMS buffer for 30 min at ambient temperature. After the incubation, the mixtures were diluted to 0.1 ml in TMS and loaded onto the top of a 5-20% sucrose gradient in TMS and spun in a Beckman L-80 Ultracentrifuge at 35,000 rpm for 30 min at 20°C in an SW 55 rotor. After centrifugation, fractions were collected from the bottom of the tube and prepared for scintillation counting. The value for each gradient fraction was plotted as a percentage of the total radioactivity recovered from that gradient.
RESULTS

Structural Relevance of cp-pRNAs Used in Cross-linking
Analysis-Site-specific photoagent attachment sites located in the interior of the pRNA were made possible with the use of cp-pRNA (35) . In this study, mutant cp-pRNAs were constructed such that the attachment of a photoagent at the new 5Ј termini would provide information bearing on regions of the structure involved in inter-pRNA interaction. Recent studies 1 Binding efficiency is expressed as a percentage of the total input pRNA bound to purified procapsids. have shown an intermolecular interaction of pRNA through base pairing between the R loop (base [45] [46] [47] [48] and the L loop (base 85-82) (Fig. 1) (18 -20) . Therefore mutant cp-pRNAs repositioning the 5Ј and 3Ј termini to bases 82 and 81, respectively, were developed such that a photoagent can be attached at a base involved in the interaction.
As with all circularly permuted RNA constructs, the location of the new end points may disrupt the native structure and therefore may not be structurally relevant. To ensure that the cp-pRNAs used in the present analysis maintained a native conformation, the cp-pRNAs were tested for their participation in procapsid binding and DNA packaging. Cp-pRNAs and pRNAs were constructed with alteration in the R and L loops ( Table I) G 82 -5Ј). All pRNAs that had mutations resulting in unpaired R and L loops, such as cp-pRNAs I-aЈ, B-aЈ, and pRNA A-bЈ, when used individually, showed an inability to interact intermolecularly and a reduced binding to prohead and were inactive in DNA packaging as assayed by in vitro phi29 assembly (Table I) . However, when two inactive pRNAs that were transcomplementary in their R and L loops, for example cp-pRNA B-aЈ and pRNA A-bЈ, were mixed in a 1:1 molar ratio, an intermolecular interaction was observed, procapsid binding was as efficient as wild type, and full packaging activity was restored (Table I) .
Mutants cp-pRNA I-aЈ and pRNA A-bЈ were constructed to allow us to compare an inactive oligomeric pRNA complex to an active pRNA complex. When incubated together these pRNAs have the ability to form an open dimer but are unable to form higher multimers. The resulting pRNA complex was able to bind procapsids, although it was inactive in DNA packaging (Table I) . These RNAs represented a functionally inactive pRNA complex.
Distinction between Intra-and Inter-RNA Cross-links Using Circularly Permuted pRNAs-To cross-link cp-pRNAs, an azidophenacyl (APA) group was attached to the 5Ј-end of individual cp-pRNAs. For 5Ј-modification, the APA group was attached to cp-pRNAs containing a GMPS incorporated at base 82 during transcription. GMPS was modified with photoreactive azidophenacyl bromide (44, 45) . The photoaffinity-modified cp-pRNAs were then irradiated with 311-nm light, which con- 6 and 8) . The lane marked uncross-linked was not exposed to 311-nm UV light, although due to exposure to ambient light, some intramolecular cross-links were observed (lanes 1 and 7) . This figure is a composite, both B-aЈ-uncross-linked and B-aЈ ϩ A-bЈ-cross-linked samples (lanes 7 and 8) were run on a separate gel therefore exhibiting slightly different mobilities verts the azido group to a highly reactive nitrene, which is able to insert into a variety of covalent bonds. An APA derivative was used to provide long range cross-links with which we hoped to identify general features of the RNA-RNA interaction.
To characterize the cross-linking reactions, UV-treated photoagent-modified cp-pRNAs were resolved on denaturing polyacrylamide gels. The cross-linked species appeared as bands migrating more slowly than uncross-linked RNA (Fig. 3) . Cross-linking of APA-modified cp-pRNAs occurred exclusively via the azidophenacyl moiety, because unconjugated RNA did not form cross-links, and the photoagent treated with phenyl mercuric acetate eliminated the slower migrating bands (data not shown). The conversion of the analyzed pRNAs containing the photoagent into cross-linked species was efficient, between 10 and 30% (Table II) . Fig. 3 shows the cross-linking results obtained with two 5Ј-APA cp-pRNAs alone and in the presence of a transcomplementary pRNA. Intramolecular cross-links appeared in each of the cross-linking reactions. The formation of these intramolecular cross-links were differentiated between intra-and inter-RNA cross-links by assessing the sensitivity of the cross-linking reaction to dilution. Dilution up to 100-fold of cross-linking reactions containing 5Ј-APA cp-pRNAs alone and in the presence of a transcomplementary pRNA did not affect the efficiency in the formation of the band representing the intra-pRNA cross-links, whereas the efficiency in the formation of the band representing the inter-pRNA cross-link was significantly reduced (data not shown).
Intermolecular cross-linking was accomplished by the pairing of the R loop of pRNA A-bЈ with the L loop of either cp-pRNA I-aЈ or B-aЈ (Fig. 3) . The L loop (aЈ) contained the photoreactive group and was able to interact with the complementary R loop (A) in the other pRNA. This dimeric complex is specific to the interaction of transcomplementary loop(s). When two mutant pRNAs without transcomplementary loop(s) were incubated and cross-linked, no intermolecular cross-links were observed (Fig. 3) .
Analysis of Inter-RNA Cross-linking Sites-The particular nucleotides cross-linked to the modified termini of the cp-pRNA were determined by primer extension (Fig. 4) . Individual intermolecular-cross-linked species were gel-purified and used as templates for primer extension with reverse transcriptase. Reverse transcriptase terminates one nucleotide 3Ј to cross-link sites in the RNA template (46 -49) . The analysis for the intermolecular-cross-linked species derived from I-aЈ/A-bЈ and B-aЈ/ A-bЈ are shown in Fig. 4B . Intermolecular cross-links were mapped by primer extension using a primer specific to the 3Ј end of pRNA A-bЈ. Comparison of extension products from noncross-linked RNA and sequencing reactions identified the individual cross-linked nucleotides (Table II) . The location of the cross-linked sites for the two intermolecular-cross-linked conjugates (I-aЈ/A-bЈ and B-aЈ/A-bЈ) were found to be identical and mapped to nucleotides G 39 , suggesting that these bases are proximate in the formation of pRNA tertiary structure.
Intramolecular cross-link species were not analyzed in this study because they were inactive in viral DNA packaging. Thus, the biologically nonfunctional intramolecular-crosslinked species were not considered as structurally relevant models to be investigated further.
Procapsid Binding and DNA Packaging Activity of Intermolecular-cross-linked Species-To assess the relevance of the cross-linking and gain insight into the mechanism by which pRNA functions, further comparison of the individual gel-purified cross-linked species for their ability to bind procapsids and package DNA was performed. To test for the ability of cross-linked RNA to bind procapsids, intermolecular-crosslinked species were gel-purified and incubated with purified procapsids in the presence of Mg 2ϩ . Control reactions containing noncross-linked RNA incubated with purified procapsids and Mg 2ϩ were also performed. The pRNA-enriched procapsid complexes were sedimented through sucrose gradients, and fractions were collected (Fig. 5) . The gel-purified intermolecular cross-link species, both I-aЈ/A-bЈ and B-aЈ/A-bЈ, retained substantial procapsid binding activity.
To analyze the DNA packaging activity, intermolecular cross-links were gel-purified and utilized in in vitro phi29 assembly. Under identical conditions to those used in assessing the DNA packaging activity of uncross-linked cp-pRNAs, intermolecular cross-links showed similar activity with respect to their uncross-linked counterparts. Intermolecular cross-link conjugate cp-pRNA B-aЈ/A-bЈ, of which the two pairs of interacting loops allow for the formation of a cyclic hexamer, retained DNA packaging activity, whereas intermolecular crosslink conjugate cp-pRNA I-aЈ/A-bЈ, of which the two pairs of interacting loops only allow for the formation of a open dimer, was inactive in DNA packaging. Thus, the substantial retention and lack of biological activities exhibited by the intermolecular-cross-linked species B-aЈ/A-bЈ and I-aЈ/A-bЈ, respectively, lends relevance of the cross-linking data to the native (active) conformation of the pRNA.
DISCUSSION
These experiments provide the first structural constraints that bear on the oligomeric pRNA complex. Using circularly permuted pRNAs containing a photoagent attached to a phosphate on which a transcomplementary pRNA loop interacts allowed intermolecular pRNA cross-links to be isolated. Interestingly, the photoaffinity agent in the left interacting loop did not cross-link directly to the right loop as expected but crosslinked to bases adjacent to the right loop. The cross-linking observed is both highly efficient (10 -30%) and specific, occurring at only a few nucleotides in each of the transcomplementary pRNAs. Moreover, transcomplementary pRNA B-aЈ/A-bЈ that exhibited both full procapsid binding and DNA packaging activity retained such activity when existing as a cross-linked conjugate. Thus, the data indicate that the cross-linked interpRNA conjugates mimic those interactions involved in the formation of hexameric pRNA complexes.
The high efficiency of cross-linking observed lends credibility to the structural relevance of the cross-linked species formed. Presumably, the cross-linked species obtained with high efficiency most likely, but not conclusively, represent the most stable (native) structure in the population. Thus pRNAs that adopt the most active (native) conformation yield the most efficient cross-link. The higher efficiency of intermolecular cross-linking that we observed in the reactions containing pRNA pair B-aЈ/A-bЈ is probably due to the fact that in this pair both R and L loops are transcomplementary, although in the inactive pRNA pair I-aЈ/(A-bЈ only the L loop aЈ of pRNA I-aЈ is transcomplementary to the R loop A of pRNA A-bЈ.
It is noteworthy that individual inter-pRNA-cross-linked conjugates maintained their ability to perform specific biological functions. This again adds to the validity that the crosslinking results obtained in this study may be taken as meaningful constraints on the structure of oligomeric pRNA complexes. The active pRNA pair B-aЈ/A-bЈ allows not only for the formation of dimers but also higher multimers, as demonstrated by its competency to package phi29 DNA into procapsid, a process that requires the formation of a pRNA hexamer (18, 20) . Mutant pair I-aЈ/A-bЈ can transcomplement to form dimers but cannot package phi29 DNA, whereas both intermolecular pRNA cross-link conjugates B-aЈ/A-bЈ and I-aЈ/A-bЈ possess similar procapsid binding efficiencies. Therefore, the dimeric pRNA complex is sufficient to achieve full procapsid binding. Further support for this is indicated by the reduced binding efficiency of an uncross-linked mixture of pRNA I-aЈ and A-bЈ. These pRNAs, due to a reduced ability to form dimers (as discussed above), when incubated together consist of both pRNA monomers and dimers. Consequently, pRNA monomers are unable to bind procapsid (Table I and II and Fig. 5) , and therefore the mixture possesses a reduced efficiency in procapsid binding as compared with its purified intermolecular crosslink counterpart. Hence pRNA dimers represent the minimum binding unit necessary for procapsid binding.
It is interesting to note that the cross-linked sites of both the biologically inactive and active intermolecular-cross-linked conjugates are identical. The photoagent-modified pRNAs vary from one another in the sequence of the R loop but contain common secondary structures. Presumably, the photoagentmodified R loop sequence of the pRNA and interaction with its transcomplementary L loop did not affect the structural features of the L loop with its transcomplementary loop. Based on this result and the secondary structure (Fig. 1) , it can be easily imagined that the R and L loops are distant from one another and possibly separated in the tertiary structure such that each loop can interact individually with its transcomplementary loop. The secondary structure positions the cross-link sites to those nucleotides surrounding the base of the R loop (Fig. 6) . Previous mutational studies using pRNAs with deleted bases within the R loop area (specifically bases G 38 and G
39
) resulted in a pRNA that is inactive in both procapsid binding and DNA packaging (31) . These data further support our finding that the cross-link sites identified in this study may be involved in an inter-pRNA interaction.
Comparison of the active intermolecular-cross-linked pRNA dimer B-aЈ/A-bЈ to that of the inactive intermolecular-crosslinked pRNA dimer I-aЈ/A-bЈ indicated that both intermolecular complexes have structural and procapsid binding similarities. Although these similarities exist between the two pRNA complexes, they differ dramatically in their ability to package DNA. The pRNA complex B-aЈ/A-bЈ maintained the ability to form not only a dimer but also an interlocking hexameric ring, which is needed for DNA translocation (18) . Conversely, the pRNA complex I-aЈ/A-bЈ, which is able to form dimers, might not be able to form an interlocking hexameric ring. Thus, the results presented here support previously reported data indicating that an interlocking hexameric pRNA complex is essential for DNA packaging. Finally, we note that the results reported here place constraints on structure models. With an expanded body of crosslinking results and available data concerning pRNA secondary structure, we will be able to develop a model of the structure of the pRNA hexameric complex.
